Upregulation of intervertebral disc-cell matrix synthesis by pulsed electromagnetic field is mediated by bone morphogenetic proteins.
An in vitro study on the effects of pulsed electromagnetic field (PEMF) on intervertebral disc-cell matrix synthesis. The objective of the study was to determine whether (1) PEMF can upregulate intervertebral disc-cell matrix synthesis and (2) any upregulation obtained is through transforming growth factor (TGF)-β or bone morphogenetic proteins (BMPs). PEMF has been reported to produce cell proliferation, enhance cell function, and upregulate matrix synthesis in cell types such as osteoblasts, chondroblasts, endothelial cells, and fibroblasts through the upregulation of several growth factors. PEMF has been used clinically in the treatment of delayed bone union. However, PEMF has never been tested on human intervertebral disc cells. The PEMF signal used was similar to that used in the clinical treatment of delayed fracture healing. Human disc cells were treated with PEMF for 8 hours per day for 3 days. Quantitative real-time polymerase chain reaction was performed to determine mRNA expression levels of aggrecan, collagen-2, TGF-β, BMP-2, and BMP-7. Sulfated glycosaminoglycan synthesis was analyzed using the dimethylmethylene blue (DMMB) method. Western blot analysis was performed to determine the protein levels of TGF-β, BMP-2, and BMP-7. To determine whether any action of PEMF was through BMP, recombinant human Noggin was used at a dose of 100 ng/mL to block BMP. PEMF could upregulate intervertebral disc-cell matrix synthesis. BMP-7 was markedly upregulated by PEMF and was upregulated much more than BMP-2. TGF-β was not upregulated by PEMF. The effect of PEMF on disc-cell matrix was entirely inhibited in the presence of Noggin. PEMF acts through BMPs to upregulate intervertebral disc-cell matrix synthesis.